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ABSTRACT
We present observations from the Small Array of the Arcminute Microkelvin Imager (AMI)
of eight high X-ray luminosity galaxy cluster systems selected from the Local Cluster Sub-
structure Survey (LoCuSS) sample. We detect the Sunyaev-Zel’dovich (SZ) effect in seven of
these clusters. With the assumptions that galaxy clusters are isothermal, have a density profile
described by a spherical β -model and obey the theoretical M-T relation, we are able to derive
cluster parameters at r200 from our SZ data. With the additional assumption of hydrostatic
equilibrium we are able to derive parameters at r500. We present posterior probability distri-
butions for cluster parameters such as mass, radius and temperature (TSZ,MT ). Combining our
sample with that of AMI Consortium: Rodrı´guez-Gonza´lvez et al. (2011) and using large-
radius X-ray temperature estimates (TX ) from Chandra and Suzaku observations, we find that
there is reasonable correspondence between TX and TSZ,MT values at low TX , but that for clus-
ters with TX above around 6keV the correspondence breaks down with TX exceeding TSZ,MT ;
we stress that this finding is based on just ten clusters.
Key words:
cosmology: observations - Sunyaev-Zel’dovich – galaxies:clusters – X-ray – cosmic mi-
crowave background– galaxies:clusters:individual (Abell 586, Abell 611, Abell 773, Abell
781, Abell 1413, Abell 1758, Zw1454.8+2233 and RXJ1720+2638)
1 INTRODUCTION
The Local Cluster Substructure Survey (LoCuSS see Smith et al.
2003, 2005) sample of clusters contains 164 clusters with redshifts
between 0.142 and 0.295. The LoCuSS aims to measure the rela-
tionship between the structure of galaxy clusters and the evolution
of the hot gas and galaxies that inhabit them using gravitational
lensing data and other observations spanning the electromagnetic
spectrum from the radio to X-ray. Example LoCuSS analysis pa-
pers relevant to this work are Marrone et al. (2009) and Zhang et
al. (2010).
⋆ We request that any reference to this paper cites ‘AMI Consortium:
Shimwell et al. 2011’
† E-mail: tws29@mrao.cam.ac.uk
‡ E-mail: cr384@mrao.cam.ac.uk
We have imaged a subset of LoCuSS in the Sunyaev-
Zel’dovich (SZ; Sunyaev & Zeldovich 1972) effect with the Ar-
cminute Microkelvin Imager (AMI; see e.g. AMI Consortium:
Zwart et al. 2008) centred at 16 GHz. The SZ signal arises from
the inverse Compton scattering of cosmic microwave background
(CMB) photons by the hot cluster plasma (see e.g. Birkinshaw
1999 and Carlstrom, Holder & Reese 2002), with a surface bright-
ness that is independent of redshift and dependencies on plasma
density and temperature that are different to those for e.g. X-ray
bremsstrahlung emission.
Hereafter, we assume a concordance ΛCDM cosmology with
Ωm = 0.3, ΩΛ = 0.7 and H0 = 100km s−1Mpc−1 . The dimensionless
Hubble parameters are defined as hX = H0/(X km s−1Mpc−1). All
coordinates are given at equinox J2000.
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2 CLUSTER SAMPLE
In this paper we focus on LoCuSS clusters with a declination
greater than 20◦ and an X-ray luminosity (LX ) greater than 11
×1037W over the 0.1-2.4 keV band in the cluster rest frame (ac-
cording to Ebeling et al. 1998, 2000, using h50 = 1). Radio source
contamination can make it difficult to observe the SZ effect at
16 GHz and we have not studied the clusters with sources brighter
than 10 mJy/beam within 10′ of the cluster X-ray centre. Note
that our redshifts correspond to those cited in Ebeling et al. (1998,
2000). We present results from the analysis of eight galaxy clus-
ter systems; Table 1 shows the coordinates, redshifts and X-ray
luminosities of our selected LoCuSS clusters. A companion pa-
per (AMI Consortium: Rodrı´guez-Gonza´lvez et al. 2011) presents
results from 11 LoCuSS clusters with an X-ray luminosity in the
range 7-11 ×1037W (h50 = 1).
3 INSTRUMENT, OBSERVATIONS AND SOURCE
FINDING
3.1 The Arcminute Microkelvin Imager (AMI)
AMI consists of a pair of aperture-synthesis interferometric arrays
located near Cambridge. The Small Array (SA) is optimised for
SZ imaging while the Large Array (LA) is used to measure radio
sources that contaminate the SZ-effect in the SA observations. AMI
is described in detail in Zwart et al. (2008).
3.2 Observations
SA pointed observations centred at the X-ray cluster position (Table
1) for our eight clusters were taken during 2007-2010. The obser-
vation lengths were in the range 20-90 hours per cluster before any
flagging of the data; the noises on the SA maps reflect the actual
observation time used.
With the SA we observed phase calibrators every hour and
used bi-daily observations of 3C48 or 3C286 for amplitude cali-
bration; the assumed flux densities for the calibrator sources are
consistent with the Rudy et al. (1987) model of Mars – see AMI
Consortium: Franzen et al. (2010).
With the LA we typically conduct 61+19pt hexagonal raster
observations centred on the cluster X-ray position. The 61 point-
ing centres are separated by 4′; the inner 19 pointings are observed
for approximately six times longer than the outer 42 pointings. We
observed phase calibrators every ten minutes. Observations were
taken over 2009-2010 and each cluster was observed for 10-25
hours before any flagging of the data. For more details on the ras-
tering techniques and calibration see Franzen et al. (2010).
All our cluster data were passed through REDUCE, the stan-
dard AMI data reduction package which is discussed in detail in
e.g. AMI Consortium: Davies et al. (2009). Thermal noise levels
for the SA and the LA maps (σSA and σLA respectively), and phase
calibrators that we have taken from the Jodrell Bank VLA Survey
(Patnaik et al. 1992, Browne et al. 1998 and Wilkinson et al. 1998)
are summarised in Table 2.
3.3 LA mapping and source finding
Our LA map-making and source-finding procedures follow AMI
Consortium: Shimwell et al. (2010) exactly. We applied stan-
dard AIPS 1 tasks to image the continuum and individual-channel
UVFITS data. On the continuum maps we detected sources at
>4σLA and catalogued the source right ascension, xs, declination,
ys and peak flux, S0. To determine whether a source is extended
in our LA maps we compared the measured source area with the
LA synthesized beam. For extended sources we catalogued the in-
tegrated flux rather than the peak flux. We measured the flux of
each source in each channel map and assumed a power law rela-
tionship between flux and frequency (S ∝ ν−α ) to determine the
source spectral index, α . The number of >4σLA sources detected
in our LA observations towards the eight clusters is shown in Table
2.
4 BAYESIAN ANALYSIS
To analyse the AMI cluster observations we use a Bayesian analy-
sis methodology (Marshall et al. 2003 and Feroz et al. 2009). This
Bayesian analysis uses MULTINEST (Feroz & Hobson 2008 and
Feroz, Hobson, & Bridges 2009) to efficiently explore the multi-
dimensional parameter space and to calculate Bayesian evidence.
This analysis has been applied to pointed observations of known
clusters in AMI Consortium Rodrı´guez-Gonza´lvez et al. (2010),
AMI Consortium: Zwart et al. (2010) & Rodrı´guez-Gonza´lvez et al.
(2011) and also to detect previously unknown clusters in Shimwell
et al. In this paper we use the same model as Shimwell et al., the dif-
ferences between this model and previous models are explained in
AMI Consortium: Olamaie et al. (2010) and Rodrı´guez-Gonza´lvez
et al. (2010).
The priors that we use in our Bayesian analysis are shown in
Table 3.
5 SA SOURCE SUBTRACTION AND MAPPING
Source subtraction is performed using the software package
MUESLI. This performs the same function as the AIPS task UVSUB
but it is optimised for processing AMI data. For both the LA
sources and the sources modelled in our Bayesian analysis we use
the source position, mean frequency, spectral index and central flux
value to subtract the appropriate flux for each source from each
channel of the SA UVFITS file. To perform this subtraction from
our non-primary-beam-corrected SA UVFITS we make use of an
accurate SA power primary beam model.
We use AIPS to produce the SA maps and apply no primary
beam correction i.e. the SA thermal noise is constant across the
map. All the SA maps presented here have contour levels changing
linearly from 2-10σSA; positive contours are solid lines and nega-
tive contours are dashed lines. The SA synthesized beam FWHM
is shown in the bottom left corner of our SA maps. We also present
the source-subtracted maps with a uv taper of 600kλ (a Gaussian
taper of value 1 are low uv falls to 0.3 at 600kλ ) since the shorter
SA baselines are more sensitive to the large angular size of the SZ-
effect signal. Maps before source subtraction have been CLEANed
with a single box over their total extents, whilst source-subtracted
maps have been CLEANed with a tight box around the SZ signals.
1 http://www.aips.nrao.edu
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Table 1. Coordinates, redshifts and X-ray luminosities of the observed LoCuSS clusters. Note that Abell 1758B is included even though it is below our
luminosity cut; this is because it is within the field of view of our Abell 1758A observations. Redshifts and X-ray luminosities are taken from Ebeling et al.
(1998, 2000).
Cluster Right ascension Declination Redshift X-ray luminosity Alternative cluster names
(J2000) (J2000) in 1037W
(h50 = 1)
Abell 586 07:32:12 +31:37:30 0.171 11.12
Abell 611 08:00:56 +36:03:40 0.288 13.60
Abell 773 09:17:54 +51:42:58 0.217 13.08 RXJ0917.8+5143
Abell 781 09:20:25 +30:31:32 0.298 17.22
Abell 1413 11:55:18 +23:24:29 0.143 13.28
Abell 1758B 13:32:29 +50:24:42 0.280 07.25
Abell 1758A 13:32:45 +50:32:31 0.280 11.68
Zw1454.8+2233 14:57:15 +22:20:34 0.258 13.19 Z7160
RXJ1720.1+2638 17:20:10 +26:37:31 0.164 16.12
Table 2. Details of AMI observations.
Cluster σSA σLA Number of LA 4σLA sources LA phase calibrator
(mJy) (mJy)
Abell 586 0.172 0.09 23 J0741+3112
Abell 611 0.106 0.07 23 J0808+408
Abell 773 0.133 0.09 09 J0903+468 or J0905+4850
Abell 781 0.116 0.07 24 J0925+3127 or J0915+2933
Abell 1413 0.130 0.09 17 J1150+2417
Abell 1758A 0.115 0.08 14 J1349+536
Abell 1758B 0.130 0.08 14 J1349+536
Zw1454.8+2233 0.100 0.10 16 J1513+2338
RXJ1720.1+2638 0.084 0.10 17 J1722+2815
6 RESULTS
For each cluster we present SA maps before and after source sub-
traction, and posterior probability distributions of the large-scale
cluster parameters obtained from running the SA data through our
Bayesian analysis software. The derived cluster parameters are
given in Table 4. We also present Chandra images taken from the
Chandra Data Archive. All maps are displayed with right ascen-
sion on the x-axis and declination on the y-axis. In Section 6.9 we
compare our derived cluster temperatures with large-radius X-ray
temperatures (r ≈ 500kpc) taken from the literature.
6.1 Abell 586
Our AMI SA maps and the parameters we measure are presented
in Figure 1. We have overlayed our map on an X-ray Chandra im-
age; the cluster centroids match and we observe an extension of the
cluster towards the south.
The SZ effect from Abell 586 has previously been observed
with OVRA/BIMA by LaRoque et al. (2006) and Bonamente et
al. (2006). LaRoque et al. apply an isothermal β -model to SZ and
Chandra X-ray observations and find Mg(r2500) = 2.49± 0.32×
1013M⊙ and Mg(r2500) = 2.26+0.13−0.11 ×1013M⊙ respectively (using
h70 = 1). In addition, they determine an X-ray spectroscopic tem-
perature of the cluster gas of≈ 6.35keV between a radius of 100kpc
and r2500; r2500 is the radius at which the average cluster density
falls to 2500 times the critical density at that redshift and is de-
termined from Chandra observations by Bonamente et al. (2006).
In comparison, Okabe et al. (2010) use Subaru to calculate the
cluster mass from weak lensing by applying a Navarro, Frenk &
White (NFW; Navarro, Frenk, & White 1996) profile. They find
MT(r2500) = 2.41+0.45−0.41 × 10
14M⊙, whilst at large radii they find
MT(r500) = 4.74+1.40−1.14×10
14M⊙ (using h70 = 1).
Abell 586 has been studied extensively in the X-ray e.g. Allen
(2000) and White (2000). A recent analysis of the temperature pro-
file (Cypriano et al. 2005) shows how the temperature falls from
≈ 9 keV at the cluster centre to≈ 5.5keV at a radius≈ 280′′. Cypri-
ano et al. have used the Gemini Multi-Object Spectrograph together
with X-ray data taken from the Chandra archive to measure the
properties of Abell 586. They compare mass estimates derived from
the velocity distribution and from the X-ray temperature profile and
find that both give very similar results, Mg ≈ 0.46×1014M⊙ within
1.3h−170 Mpc. They suggest that the cluster is spherical and relaxed
with no recent mergers. The elongation of the SZ signal on our map
(Figure 1) suggests non-sphericity.
6.2 Abell 611
We present AMI SA maps, large-scale cluster parameters and a
Chandra image of Abell 611 in Figure 2. The Donnarumma et
al. (2010) analysis of the Chandra achive data shows that the X-
ray isophotes are quite circular, the surface brightness profile is
smooth and the brightest cluster galaxy lies at the centre of the
X-ray emission. These results indicate that the cluster is relaxed.
From the X-ray data, the cluster mass was estimated using an
NFW profile, spherical symmetry and hydrostatic equilibrium to
be 9.32±1.39×1014M⊙ (within a radius of 1.8±0.5 Mpc). How-
ever, the Donnarumma et al. analysis of strong lensing data indi-
c© 0000 RAS, MNRAS 000, 1–17
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Figure 1. The top left image shows the SA map before subtraction, the map in the middle left has had the sources removed, the top right panel shows the cluster
parameters that we sample from in our Bayesian analysis and the middle right plot presents several cluster parameters derived from our sampling parameters.
The image at the bottom shows the Chandra X-ray map overlayed with SA contours.
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Table 3. Priors used in our Bayesian analysis.
Parameter Prior
Source position (xs) + or ×: Delta-function using the LA positions.
△: Gaussian centred on the LA postions with σ=5′′.
Source flux densities (S0/Jy) × or △: Gaussian centred on the LA continuum value with a σ of 0.4S0 .
+: Delta-function on the LA value.
Source spectral index (α) × or △: Gaussian centred on the value calculated from the LA channel maps with σ as the LA error.
+: Delta-function on the LA value.
Redshift (z) Delta-function on the X-ray value (Table 1).
Core radius (rc/h−1100kpc) Uniform between 10 and 1000.
Beta (β ) Uniform between 0.3 and 2.5.
Mass (MT,r200/h−1100M⊙) Uniform in log space over, (0.32−50) × 1014M⊙h−1100.
Gas fraction ( fg) Gaussian prior centred on 0.086, σ=0.02 (Komatsu et al. 2010).
Cluster position (xc) Gaussian prior on the X-ray position, σ=60′′ (Table 1).
Table 4. Derived values for cluster parameters.
Cluster name MT (r200) MT (r500) Mg(r200) Mg(r500) r200 r500 fg(r500) TSZ,MT (r200)
×1014h−1100M⊙ ×10
14h−1100M⊙ ×10
13h−2100M⊙ ×10
13h−2100M⊙ h
−1
100Mpc ×10
−1h−1100Mpc ×10
−1h−1100 keV
Abell 586 5.1±2.4 2.1±1.1 4.3±2.0 2.6±0.8 1.2±0.2 6.6±1.1 1.4±0.4 5.2±1.6
Abell 611 4.0±0.8 2.0±0.5 3.5±0.6 2.8±0.3 1.1±0.1 6.3±0.5 1.5±0.4 4.5±0.6
Abell 773 3.6±1.3 1.7±0.7 3.1±1.1 2.1±0.5 1.1±0.1 6.0±0.8 1.4±0.4 4.1±1.0
Abell 781 4.1±0.8 2.0±0.5 3.6±0.6 2.9±0.4 1.1±0.1 6.3±0.5 1.5±0.4 4.5±0.6
Abell 1413 4.0±1.0 1.9±0.6 3.5±0.8 2.7±0.4 1.1±0.1 6.6±0.7 1.5±0.4 4.4±0.8
Abell 1758B 4.4±2.2 2.2±1.2 3.7±1.8 2.2±0.6 1.1±0.2 6.4±1.2 1.2±0.4 4.6±1.5
Abell 1758A 4.1±0.7 2.5±4.4 3.6±0.5 3.4±0.4 1.1±0.1 6.8±0.4 1.4±0.3 4.5±0.5
RXJ1720.1+2638 2.0±0.4 1.2±0.2 1.7±0.3 1.6±0.3 0.9±0.1 5.6±0.4 1.4±0.3 2.8±0.4
cates that the cluster mass could be closer to 4.68±0.31×1014M⊙
(within a radius of 1.5±0.2 Mpc. Note that the values quoted from
Donnarumma et al. are an example of their mass estimates; from fit-
ting different models they find estimated mass varies significantly
(between 9.32–11.11×1014M⊙ for the X-ray mass and between
4.01–6.32×1014M⊙ for the lensing mass). Their mass estimates
use h70 = 1. Several other analyses of Chandra data produce com-
parable mass estimates (e.g. Schmidt & Allen 2007, Morandi, Et-
tori & Moscardini 2007, Morandi & Ettori 2007 and Sanderson et
al. 2009).
Romano et al. (2010) perform a weak lensing analysis of
Abell 611 using data from the Large Binocular Telescope. With
an NFW profile they estimate MT,r200 = 4–7×1014M⊙ and r200 =
1400−1600kpc, for h70 = 1. These are in agreement with the val-
ues obtained from Subaru weak lensing observations by Okabe et
al.
Using GMRT observations Venturi et al. (2008) concluded
that Abell 611 has no radio halo at 610MHz. Abell 611 has also
previously been observed in the SZ at 15 GHz by Grainger et al.
(2002) and Zwart et al. (2010), and at 30 GHz by Bonamente et al.
(2004), Bonamente et al. (2006) and LaRoque et al.
From our analysis of the AMI SA observations of Abell 611
presented in this paper we find that MT,r200 = 4.0+0.3−0.4×10
14M⊙.
We note that the mass obtained is significantly smaller than the re-
sult given in Zwart et al. (2010); however, their MT estimates are
biased high. The bias occurs because they used a low-radius X-
ray temperature as a constant temperature throughout the cluster,
as is explained by them and in Olamaie et al. (2010). The SZ maps
presented in this paper are similar to those in Zwart et al. (2010);
both sets of observations indicate that the cluster is extended in the
NW direction. However, the analysis presented in this paper differs
from that by Zwart et al. (2010) who sample from temperature and
Mg,r200 and derive MT,r200 under the additional assumption of hy-
drostatic equilbrium. Instead we sample from MT,r200 and fg,r200
and calculate T using the M-T scaling relation given in Rodrı´guez-
Gonza´lvez et al. (2010). The differences between these two mod-
els are described in detail by Olamaie et al. who demonstrate that
the mass estimated using the technique in this paper produces a
more reliable value and that the Zwart et al. (2010) analysis un-
derestimates the values for Mg,r200 and fg,r200. The values of β
and rc/h−1100kpc presented here agree with those in the Zwart et al.
(2010) analysis.
We find no significant contamination from radio sources and
detect the cluster with a high signal-to-noise ratio. A comparison
of the SZ-effect image and the Chandra map shows that the centres
of the SZ and X-ray emission are coincident.
6.3 Abell 773
In Figure 3 we show the AMI SA maps of Abell 773, a Chandra
X-ray map and the cluster parameters derived from our analysis.
The SZ effect associated with Abell 773 has been observed several
times (Grainge et al. 1993, Carlstrom, Joy, & Grego 1996, Bona-
mente et al. 2006, LaRoque et al. and Saunders et al. 2003). Most
recently, Zwart et al. (2010) observed the cluster and found a clus-
ter mass of MT,r200 = 1.9+0.3−0.4×10
15M⊙ using h70 = 1; however,
their MT estimates are biased high – see Section 6.2.
Inspection of a 10′×10′ region of the Sloan Digital Sky Sur-
vey (SDSS2 ) centred on Abell 773 reveals a complex galaxy distri-
2 Funding for the SDSS and SDSS-II has been provided by the Alfred P.
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Figure 2. The top left image shows the SA map before subtraction, the map in the middle left has had the sources removed, the top right panel shows the cluster
parameters that we sample from in our Bayesian analysis and the middle right plot presents several cluster parameters derived from our sampling parameters.
The image at the bottom shows the Chandra X-ray map overlayed with SA contours.
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bution with some EW extension. Our observations support this ex-
tension, but there is no detailed correspondence between the galaxy
and gas distributions. The Chandra observations appear to show lit-
tle if any such extension. We find no significant contamination from
radio sources and detect the cluster with a high signal to noise ratio.
For this cluster, Barrena et al. (2007) present an intensive
study of the optical data from the Telescopio Nazionale Galileo
(TNG) telescope and X-ray data from the Chandra data archive.
They find two peaks in the velocity distribution of the cluster mem-
bers which are separated by 2′ along the E-W direction. Two peaks
can also be seen in the X-ray, although these are along the NE-SW
direction. Barrena et al. estimate the virial mass of the entire sys-
tem to be Mvir = 1.2-2.7×1015h−170 M⊙. Giovannini, Tordi, & Fer-
etti (1999) reported the existence of a radio halo in Abell 773. This
feature, typical of cluster mergers, was confirmed with 1.4 GHz
VLA observations by Govoni et al. (2001). Zhang et al. (2008)
used XMM-Newton to study Abell 773 and found M500 = 8.3 ±2.5
×1014M⊙, where r500 = 1.33 Mpc; they assumed isothermality,
spherical symmetry and h70 = 1. Govoni et al. (2004) present a
Chandra temperature map and an X-ray image of Abell 773; they
estimate a mean temperature of 7.5±0.8 keV within a radius of
800 kpc (h70 = 1).
6.4 Abell 781
AMI SA maps, derived parameters and a Chandra observation of
the Abell 781 cluster are presented in Figure 4. From X-ray ob-
servations with Chandra and XMM-Newton (Sehgal et al. 2008)
it is apparent that Abell 781 is a complex cluster system. The
main cluster is surrounded by three smaller clusters, two to the
East of the main cluster and one to the West. They estimate the
mass of the clusters assuming a NFW matter density profile; the
results indicate that the cluster mass of Abell 781 within r500 is
5.2+0.3
−0.7×10
14M⊙ from XMM-Newton andChandra X-ray observa-
tions or 2.7+1.0
−0.9×10
14M⊙ from the Kitt Peak Mayall 4-m telescope
lensing observations (where r500 is 1.09+0.04−0.04 and 0.89+0.10−0.12 respec-
tively). Alternatively, Zhang et al. use XMM Newton observations
to estimate M500 = 4.5 ±1.3 ×1014M⊙, where r500 = 1.05Mpc,
assuming isothermality and spherical symmetry. Both Zhang et al.
and Sehgal et al. use h70 = 1.
The main cluster of Abell 781 is also known to contain a
diffuse peripheral source at 610MHz; this was observed with the
GMRT by Venturi et al. (2008).
6.5 Abell 1413
We present the SA maps before and after source subtraction in
Figure 5. We also show the derived cluster parameters and we
overlay our SZ image on a Chandra X-ray map. Abell 1413 has
been observed in the X-ray by XMM-Newton (e.g. Pratt & Ar-
naud 2005), Chandra (e.g. Vikhlinin et al. 2005 and Bonamente et
al. 2006) and most recently by the low background Suzaku satel-
lite (Hoshino et al. 2010); SZ images have been made of Abell
1413 with the Ryle Telescope at 15 GHz (Grainge et al. 1996)
and with OVRO/BIMA at 30 GHz (LaRoque et al. and Bonamente
Sloan Foundation, the Participating Institutions, the National Science Foun-
dation, the U.S. Department of Energy, the National Aeronautics and Space
Administration, the Japanese Monbukagakusho, the Max Planck Society,
and the Higher Education Funding Council for England. The SDSS Web
Site is http://www.sdss.org/.
et al. 2006). These analyses indicate that Abell 1413 is a relaxed
cluster with no evidence of recent merging despite its elliptical
morphology. Between the X-ray observations there is good agree-
ment in the temperature and density profiles of the cluster out to
half the virial radius. Hoshino et al. measure the variation of the
electron temperature with radius, finding a temperature of 7.5keV
at the centre and 3.5keV at r200. They assume spherical symme-
try, an NFW density profile and hydrostatic equilibrium to calcu-
late MT,r200 = 6.6±2.3×1014h−170 M⊙; where r200 = 2.24h
−1
70 Mpc.
Zhang et al. use XMM-Newton to study Abell 1413 and find M500
= 5.4±1.6×1014M⊙, where r500 = 1.18Mpc; they assume isother-
mality, spherical symmetry and h70 = 1.
Recent VLA observations (Govoni et al. 2009) indicate that
there is diffuse 1.4-GHz emission associated with the cluster – this
may be due to a mini-halo around the cluster.
From the SA observations we detect the SZ decrement at
high significance. We determine the cluster mass to be MT,r200 =
4.0+0.3
−0.6×10
14h−1100M⊙ and r200 = 1.14
+0.4
−0.5h
−1
100kpc; both these val-
ues are comparable with the Hoshino et al. results.
The source environment around the cluster at 16 GHz is rea-
sonable: the brightest source is 14mJy (11:55:36.63 +23:13:50.1),
but this is 700′′ from the cluster X-ray centre. After this bright
source is subtracted from our data we are left with a low level of
residual flux density on the map; it is unlikely that this residual
flux significantly contaminates our cluster detection or parameters.
Both the X-ray map and the SZ image indicate that the cluster is
elliptical and extended in the N-S direction.
6.6 Abell 1758
An analysis of ROSAT images clearly shows that this system con-
sists of two interacting clusters, Abell 1758A and Abell 1758B,
separated by 8′ (Rizza et al. 1998). In Figure 6 we present a single
map that contains combined data from observations towards both
clusters and the derived parameters for cluster Abell 1758A. We
present the derived parameters for cluster Abell 1758A and X-ray
maps from both the Chandra data archive and ROSAT3. In Figure
7 we show the derived parameters for cluster Abell 1758B.
A detailed analysis of XMM-Newton and Chandra by David
& Kempner (2004) indicates that the clusters Abell 1758A and
Abell 1758B are likely to be in an early stage of merging and that
both of these clusters are also undergoing major mergers with other
smaller systems. A recent analysis of Spitzer/MIPS 24µm data by
Haines et al. (2009) classifies Abell 1758 as the most active system
they have observed at that wavelength. They also identify numer-
ous smaller mass peaks and filamentary structures, which are likely
to indicate the presence of infalling galaxy groups, in support of the
David & Kempner observations. Zhang et al. use XMM-Newton to
study Abell 1758A and found M500 = 1.1 ±0.3 ×1015M⊙, where
r500 = 1.43Mpc. They assume isothermality, spherical symmetry
and h70 = 1.
6.7 Zw1454.8+2233
We detect several sources close to the cluster centre – a point source
with a flux density of 7.97 mJy at 14:56:59.11 +22:18:55.97 and a
4.67 mJy source at 14:57:25.38 +22:37:33.03. We do not detect an
3 We acknowledge the use of NASA’s SkyView facility
(http://skyview.gsfc.nasa.gov) located at NASA Goddard Space Flight
Center.
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Figure 3. The top left image shows the SA map before subtraction, the map in the middle left has had the sources removed, the top right panel shows the cluster
parameters that we sample from in our Bayesian analysis and the middle right plot presents several cluster parameters derived from our sampling parameters.
The image at the bottom shows the Chandra X-ray map overlayed with SA contours.
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Figure 4. The top left image shows the SA map before subtraction, the map in the middle left has had the sources removed, the top right panel shows the cluster
parameters that we sample from in our Bayesian analysis and the middle right plot presents several cluster parameters derived from our sampling parameters.
The image at the bottom shows the Chandra X-ray map overlayed with SA contours.
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Figure 5. The top left image shows the SA map before subtraction, the map in the middle left has had the sources removed, the top right panel shows the cluster
parameters that we sample from in our Bayesian analysis and the middle right plot presents several cluster parameters derived from our sampling parameters.
The image at the bottom shows the Chandra X-ray map overlayed with SA contours.
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Figure 6. The top left image shows the SA map before subtraction, the map in the middle left has had the sources removed. The maps shown here are primary
beam corrected signal-to-noise maps cut off at 0.3 of the primary beam. The noise level is ≈ 115µJy towards the upper cluster (Abell 1758A) and ≈ 130µJy
towards the lower cluster (Abell 1758B). The source subtracted UV tapered map at the top right has a noise level ≈ 20% higher. The top right panel shows
the cluster parameters that we sample from in our Bayesian analysis and the middle right plot presents several cluster parameters derived from our sampling
parameters. The image at the right bottom shows the ROSAT PSPC X-ray map overlayed with SA contours, whilst the bottom left shows a Chandra image
with SA countours.
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Figure 7. On the left we show the cluster parameters that we sample from and on the right we present some cluster parameters derived from our sampling
parameters.
SZ effect from this cluster even though we would expect to, given
the low noise levels of our SA maps. The SA maps and derived
parameters are shown in Figure 8. The derived parameters for this
non-detection are as expected: we find that MT,r200 approaches our
lower prior limit (0.32 × 1014M⊙h−1100) and that Mg shows simliar
behaviour; both r200 and TSZ,MT are well constrained because both
these parameters are derived from MT,r200 which itself is well con-
strained at the value of its lower prior limit.
Zhang et al. used XMM Newton to study Zw1454.8+2233 and
found M500 = 2.4±0.7×1014M⊙, where r500 = 0.87Mpc. They as-
sumed isothermality, spherical symmetry and h70 = 1. Venturi et al
(2008) observed the cluster with the GMRT at 610MHz and found
that the cluster contains a core-halo source. This is in agreement
with the value obtained from Subaru weak lensing observations by
Okabe et al. The Chandra X-ray observations (Bauer et al. 2005)
also reveal that Zw1454.8+2233 is a cooling core cluster; these are
often associated with core-halos.
6.8 RXJ1720.1+2638
At 16 GHz the source environment around the cluster is challeng-
ing: in our LA data we detect a 3.9 mJy source at the same position
as the cluster, and several other sources with comparable flux den-
sitites < 500′′ from the cluster centre. However, using our Bayesian
analysis we are able to accurately model the positions, flux densi-
ties and spectral indices of these sources such that, after they are
subtracted from our SA maps, we see a significant decrement. The
AMI SA maps before and after source subtraction are shown in Fig-
ure 9, as are the derived cluster parameters and a Chandra image
of the cluster. Our SZ-effect map shows that the cluster may have
an irregular shape; we see low signal-to-noise emission to the SE
and NW of the cluster X-ray centroid; however, the centre of the
SZ emission is coincident with the X-ray centroid.
Chandra observations (Mazzotta et al. 2001) indicate that, al-
though the cluster does not have an irregular shape or elongation, it
has discontinuities in its density profile; this may indicate it is in the
latter stages of merging. The largest discontinuity is observed in the
SE sector of the cluster and is noted to have a structure similar to
a cold front observed in other merging systems such as Abell 2142
and Abell 3667. Mazzotta et al. determined the mass profile for
the cluster assuming hydrostatic equilibrium using two distinct re-
gions (SE and NW) to model the cluster density profile: each region
was separately analysed and used to calculate M1000kpc = 4 ± 10
×1014h−150 M⊙.
6.9 Cluster Temperatures
Following on from Rodrı´guez-Gonza´lvez et al. (2011), in Figure
10 we compare the AMI SA observed cluster temperatures within
r200 (TSZ,MT ) with large-radius X-ray values (TX ) from Chandra or
Suzaku that we have been able to find in the literature. We use large
radius X-ray temperature values as these ignore the complexities of
the cluster core and are representative of the average cluster temper-
ature within ≈1Mpc which is measured by AMI. Before comment
on these we deal with two technical points. First, for Abell 611,
we have plotted two X-ray values (from Chandra data); one from
the ACCEPT archive (Cavagnolo et al. 2009) which is higher than
our AMI SA measurement, while the second X-ray measurement
from Chandra (Donnarumma et al.) is consistent with our measure-
ment. Secondly, the ACCEPT archive r= 475-550kpc temperature
for Abell 1758A is 16±7keV and for clarity is not included on the
plot.
Evidently Abell 586, Abell 611 (with the Donnarumma
et al. X-ray temperature) and Abell 1413 have corresponding
SZ and X-ray temperatures while Abell 773, Abell 1758A and
RXJ1720.1+2638 have X-ray temperatures significantly higher
than their SZ temperature. The position is made clearer by combin-
ing the values with those in Rodrı´guez-Gonza´lvez et al. (2011). The
combined data are shown in Figure 11, in which there is reasonable
correspondence between SZ and X-ray temperatures at lower X-
ray luminosity, with excess (over SZ) X-ray temperatures at higher
X-ray luminosity. An exception to this is Abell 1413 which despite
its high X-ray luminosity is in good agreement with our SZ value,
but for this cluster we have been able to use Suzuka measurements
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Figure 8. The null detection of Zw1454.8+2233 in SZ. The top left image is the SA map before subtraction, showing the challenging source environment. the
map in the middle left has had the sources removed, however, no decrement is visible. The middle panel on the left shows the sampling parameters and on the
right we show the derived cluster parameters, these parameters are what we would expect from a null detection, they indicate mass with a high probability of
being 0.0. The image at the bottom shows the Chandra X-ray map overlayed with SA contours.
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Figure 9. The top left image shows the SA map before subtraction, the map in the middle left has had the sources removed, the top right panel shows the cluster
parameters that we sample from in our Bayesian analysis and the middle right plot presents several cluster parameters derived from our sampling parameters.
The image at the bottom shows the Chandra X-ray map overlayed with SA contours.
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over r= 700-1200kpc. It is noteworthy that Abell 773, Abell 1758A
and RXJ1720.1+2638 are major mergers, and we emphasize the n2e
weighting of X-ray temperature measurements.
7 CONCLUSION
i) We have good SZ detections for eight clusters and a non-
detection for Zw1454.8+2233.
ii) For the seven detected clusters with LX > 11×1037W (h50 = 1),
we fit β profiles to the cluster signals and find Mg,r200 values of
1.7-4.3×1013h−1100M⊙ and values MT,r200 of 2.0-5.1×1014h
−1
100M⊙.
iii) For Abell 611 and Abell 773 our values of Mg,r200 and MT,r200
are lower than those in Zwart et al. (2010) which they thought to
be biased high, because they use a high value for TSZ,MT (estimated
from a low-radius X-ray measurement) and assume this value to be
constant throughout the cluster.
iv) For the six clusters in the work of this paper for which we have
found large-radius r > 500kpc X-ray spectroscopic temperatures
in the literature, we find that TX and TSZ,MT values correspond
reasonably well for Abell 586, Abell 611 (with the Donnarumma
et al. X-ray temperature rather than the ACCEPT archive value)
and Abell 1413, but that correspondence falls away for Abell 773,
Abell 1758A and RXJ1720.1+2638 which have a high TX , for
these, TSZ,MT is less than TX .
v) The picture seems to become clearer – although all of this work
involves only very small numbers – when we add in the data of
Rodrı´guez-Gonza´lvez et al. (2011). We find that there is reasonable
TX :TSZ,MT correspondence for the six clusters at lower TX but that
the correspondence breaks down at high TX . However, two points
are evident. The more general one is that the breakdown of the
TX :TSZ,MT correspondence tends to be associated with high LX and
with major mergers. The more specific one is that Abell 1413 has
values of TX and TSZ,MT that correspond yet has high LX : but we
have used TX measured by the Suzaku at very high radius.
vi) We suspect this points to agreement between large-radius SZ
estimates and larger-radius spectroscopic temperature measure-
ments, but that substantial mergers bias TX measurements more
than TSZ,MT ; however we stress again that our sample from that
and our companion paper is very small.
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measurements taken from the ACCEPT archive are 400-600kpc for Abell 586, 300-700kpc for Abell 611, 300-600kpc for Abell 773 and for RXJ1720.1+2638
r = 550-700kpc. The A1413 X-ray temperature is estimated from the 700-1200kpc measurements made with the Suzaku satellite (Hoshino et al. 2010), this
value is consistant with Vikhlinin et al. 2005 and Snowden et al. 2008. The Abell 611* temperature is the 450-750kpc value with σ error bars (Donnarumma
et al. 2010). The ACCEPT archive temperature for Abell 1758A is 16±7keV at r= 475-550kpc with SZ temperature 4.5±0.5, for clarity this has not been
included on the plot.
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Figure 11. The AMI mean temperature within r200 versus the X-ray temperature including values from Rodrı´guez-Gonza´lvez et al. (2011). Again Abell 1758A
is not shown.
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